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In recent years, the keratoacanthoma has
become an entity well recognized in the field
of oncology and dermatology. Although clini-
cally benign, its histologic appearance re-
sembles, in many instances, a squamous cell
carcinoma. When produced in experimental
animals, the keratoacanthoma is similar in
morphology and behavior to that seen in man,
and has warranted the further study of the
experimental model. It has been shown by
Whiteley and Ghadially (1—3), Rigdon (4),
Prutkin and Gerstner (5) and others that the
hair follicle and the phase (anagen or telogen)
of the hair growth cycle are important factors
in the production and morphology of the
tumor. Application of a carcinogenic stimulus
during the active or anagen phase produces
superficial, bud-shaped keratoacanthomas,
while deeply placed cystic tumors are pro-
duced when the stimulus is applied during
telogen.
Evidence has accumulated that the kera-
toacanthoma in man may have a viral etiology.
Zelickson and Lynch (6), Pricto (7), Forck
et at. (8) have reported virus-like bodies in
the epidermal cells of the tumor. Sagebiel (9),
in his studies, has found membrane-bound in-
clusions. The possibility that viral-like bodies
could be demonstrated in the experimental ker-
atoacanthoma was investigated.
In addition, during the course of the kera-
toacanthoma, keratinization is accelerated and
results in a tumor with a central keratin plug.
The excessive keratinization evident in the ex-
perimental tumor was studied and compared to
normal keratinization.
It has been known for many years that
epithclial tumors, resembling squamous cell
carcinoma, spontaneously regressed in man.
These tumors, now recognized as keratoacan-
thomas, have been demonstrated to undergo
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regression in certain laboratory animals (10—
12).
Previous studies of the morphology of the
experimental keratoacanthoma have utilized
the light microscope. In the present report,
the progression of the tumor to maturity and
its subsequent regression was studied at the
ultrastructural level.
MATERIALS AND METHODS
The inner surface of the ear auricle of twelve
young male rabbits were painted with 1% 7:12
dimethylbeozanthracene (DMBA) in an equal
parts mixture of lanolin and mineral oil, or with
the vehicular agent only, twice weekly, for eight
weeks. It was determined by biopsy examination
that the hair follicles were in anagen. Controls
consisted of specimens from three untreated ani-
mals, and from the untreated ears of the experi-
mental animals. Biopsy material was excised from
tumors in the progressing and mature stages. The
tumors, after reaching the mature stage, expelled
their central keratinous plug and entered the
regressing stage (approximately 9—10 weeks after
the initial painting). Two days after the loss of
the plug, biopsy specimens were taken of the
tumor and wore designated as the early regressing
stage. Ten days after the plug was lost and the
tumor was noticeably decreased, biopsy specimens
were taken and designated as the late regressing
stage. The tumor completely regressed after 14—17
days and biopsy specimens were taken of the
scar tissue. All tissues were placed in cold 5%
glutaraldehyde in 0.2M phosphate buffer for 1½
hours, and followed by fixation in 2% osmium
tetroxide buffered to pH 7.4. After fixation, the
tissue was dehydrated in graded ethanol and em-
bedded in Epon 812. Sections were cut using glass
knives on an LKB Ultrotome and stained with
uranyl acetate, followed by lead citrate. They
were examined in the RCA-EMU 2e microscope.
RESULTS
Since the tumors produced and studied were
superficial and a result of an insult to the
upper part of the hair follicle (above the
sebaceous gland), this part of the follicle was
studied in the control. Like the epidermis,
this permanent part of the follicle is 3 to 4
cell layers thick (Fig. 1). The stratum cor-
neum is usually 6 to 7 cell layers thick. A
conspicuous feature of the follicle cells is the
FIG. 1. The infundibulum of the normal rabbit hair follicle. Arrow at left points to base-
ment membrane. The stratum corneum (SC) is at right. The keratohyalin granules (K) are
confined to one cell layer. (X 8820.)
FIG. 2. The stellate appearance of the keratohyalin granule (K) in the normal rabbit hair
follicle. (X 24,990.)
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presence of numerous free ribonueleoprotein
particles and the sparsity of rough-surfaced
endoplasmic reticulum. The cell borders of
all cells are contiguous with each other, al-
though the borders of the stratum spinosum
cells are very tortuous.
The basal cell layer of the hair follicle has
tonofibrils oriented perpendicularly to the
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stratum corneum, while in the stratum spino-
sum, the fibrils are parallel to the upper cell
layers. The keratohyalin granules are confined
to one cell layer directly below the stratum
corneum. They are stellate in appearance, us-
ually in direct association with the tono-
fibrils (Fig. 2). In the cytoplasm of the stra-
tum spinosum, particularly in the npper cells,
are inclusions which are either round, oval or
elongated and although few in number, are
seen to have an internal lamellated structure
(Figs. 3, 4).
After two weeks of paintings, the follicular
orifices become prominent, as a result of by-
perkeratosis of the stratum corneum where it
descends down into the orifice. Concomitant
with this is an enlargement of the stratum
spinosum and stratum granulosum, the latter
now being 3 to 4 layers thick. Approximately
four weeks after initial painting, there is a
slight elevation of the orifice which continues
to enlarge and incorporate the adjacent hyper-
plastic follicles. Thick sections (one micron)
at this stage of keratoacanthoma progression
were studied. The most prominent finding was
numerous dense osmiophilic keratohyalin gran-
ules dispersed through the 6—7 layered stratum
granulosum. This finding was confirmed in stud-
ies of thin sections. The granules are rarely stel-
late, but multifaceted (Fig. 5). Many are seen
to be associated with tonofibrils. The larger
granules are nsually vacuolated and contained a
very dense osmiophilic area (Fig. 6). The
amount of tonofibrils, rough surface endoplasmic
reticulum and lamellated bodies arc increased in
representative unit area cell sections as com-
pared with that seen in all controls studied.
While the cell borders of control follicle cells are
contiguous with each other, small intercellular
spaces are evident in the progressing stage,
although the desmosomes remained intact.
There was a complete absence of intranuclear
bodies as has been described in the human
keratoacanthoma.
After six to eight weeks of applying DMBA
to the ear auricle, the mature stage of the
keratoacanthoma developed. Adjacent hyper-
plastic follicles coalesced to produce the super-
ficial, bud-shaped keratoacanthoma. The tumor
has an average diameter of 0.5 to 1 centimeter,
with a central keratinous plug and small blood
vessels ramifying under the surface of the
epithelium. It is of interest to note that as tono-
fibril formation is accelerated in the enlarged
stratum spinosum (Fig. 7), the keratohyalin
granules do not increase significantly from that
seen in the progressing stage. The larger kera-
tohyalin granules were usually perinuclear, while
the smaller granules were located further away
from the nucleus (Fig. 5). There was an increase
in free RNP particles and rough surfaced endo-
plasmic reticulum. In addition, the lamellated
bodies and mitochondria were more numerous
than in the earlier stage of progression.
In the mature stage, the intercellular spaces
enlarged with undulations between the intact
desmosomes producing a "prickle" cell picture
(Fig. 8). The nucleus, with a very active
nucleolus, occupied the center of the cell. The
cytoplasm was decreased, enlarging the nu-
cleus-cytoplasm ratio, an event beginning in
the early stages of tumor development and in-
creasing through the course of the keratoacan-
thoma.
There were no cytoplasmic nor intranuclear
bodies which could definitely be designated
virus-like in the mature stage.
Control animals, painted only with the ve-
hicular agent, produced no tumors nor hy-
perkeratosis.
The kcratoacanthoma, in the early stages of
its regression, gave the appearance of a cell
undergoing degeneration. The intercellular
spaces became greatly enlarged between the in-
tact desmosomes. The nucleus continued to
have an active, centrally located nucleolus. The
cytoplasm was markedly decreased, further en-
larging the nucleus-cytoplasm ratio. The mi-
tochondria, in some instances, have under-
gone degeneration. A conspicuous feature of
the cell, extremely sparse in the normal and
absent in the earlier stages of the tumor, were
numerous electron-dense homogeneous bodies.
They are surrounded by a membrane, are of
various sizes, have regular outlines and con-
tain a few very electron dense granules. These
electron dense bodies, in many instances, were
in very close proximity to the Golgi com-
plex (Fig.9).
Of further interest was the appearance of
organelles in the cytoplasm which consisted of
a thin membrane with an intensely stained
central area or an internal lamellatcd structure
(Figs. 10, 11), similar to that seen in the
normal and progressing stage. Although they
were located close to the plasma membrane,
FIG. 3. Arrows point to lamellated bodies (membrane-coating granules) in the cytoplasm
of stratum spinosum cells in the normal rabbit hair follicle. Inset is further enlarged in Fig.
4. (x 38,500).
FIG. 4. Enlargement of inset in Fig. 3. Lamellated structure of membrane-coating granule
is demonstrated. Arrow points to microtubule in cytoplasm. (X 144,000.)
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Fia. 5. Numerous dense osmiophilic keratohyalin granules (K), many perinuclear (N),
are demonstrated in the stratum granulosum of the progressing keratoacanthoma. (X 4800.)Fia. 6. A large, multifaceted keratohyalin granule is shown at the lower right hand corner.
The granule is vacuolated and contains a very dense osmiophilic area (arrow). Smaller
keratohyalin granules are observed in close association with tonofibrils. (X 16,800.)
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FIG. 7. Arrows point to the marked increase of tonofihrils in the mature stage of the
keratoacanthoma. Free RNP particles (polysomes) are seen in cytoplasm matrix. (X 24,990.)
FIG. 8. Enlargement of the intercellular spaces between the intact desmosomes of the
mature tumor. Circular and elongated profiles of increased rough surface endoplasmic
reticulum (arrows) are demonstrated in the cells. (X 28,560.)
they never were observed to lie on the mem-
brane. The lamellae observed in these bodies
are thicker than those in the normal rabbit
hair follicle. Matoltsy and Parakkal (19) named
the bodies "membrane-coating granules".
As the tumor mass decreased in the late
regressing stage, the intercellular spaces were
large and the follicle cells smaller. Many of
the cell organdIes undergo autolysis (Fig. 12).
The cells continued to produce tonofibrils and
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Fm. 9. Early regressing stage. Electron-dense bodies are seen near the Golgi complex(G) and the nucleus (N). (X 28,580.)
Fm. 10. Early regressing stage. Membrane-coating granules and electron-dense bodies(arrows) are demonstrated near the nucleus (N). (x 38,280.)
rough-surface endoplasmic reticulum. How-
ever, keratohyalin granules were small and
markedly reduced in number from that seen
in the early stages of the keratoacanthoma
(Fig. 13). The membrane-coating granules
were in greatest quantity at this stage of the
tumor. Most of the bodies have one or more
electron dense areas, while others have inter-
nal lamellae.
Occasionally, intranuclear inclusions resem-
bling viral particles were found.
When the tumor mass completely regressed,
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Fro. 11. Late regressing stage. Membrane-coating granules (arrows), with various internal
structures, are in greatest amount at this stage of the tumor. (X 54,810.)
scar tissue was the result. The scar is pink
and hard and occasionally has a few hairs.
Thin sections revealed a persistent hyper-
plasia, i.e., the follicle cells, usually 3—4 cell
layers thick, were 5—6 cell layers thick. The
cells were closely packed with intensely
stained tonofibrils, a condition which was ob-
served in all the cell layers. It was difficult to
distinguish keratohyalin from the tonofibrils
in many instances. When discernible, the
granules appeared either to have splayed out
on the tonofibrils or he intense osmiophilic
regions on the tonofibrils. The membrane-
coating granules, seen in abundance previ-
ously, were few in number. The plasma mem-
branes of adjacent cells were tortuous and
contiguous with each other with no apparent
intercellular space seen in the previous stages
of the keratoacanthoma. Occasionally, mem-
brane-coating granules were seen on the plasma
membrane of the upper stratum spinosum and
stratum granulosum.
DISCUSSION
The study of the keratoacanthoma was un-
dertaken to determine the morphological char-
acteristics of the tumor in its various stages,
and as a model to study hypcrkeratinization.
The hyperplasia and hyperkeratinization pro-
duces in its early stages large, multifaceted
perinuclear keratohyalin granules. The in-
crease in these granules may be a result of the
increase in rough surface endoplasmic reticu-
lum and mitochondria.
In the late regressing state, kcratohyalin
formation does not keep pace with tonofibril
formation. The granules are small and de-
creased in quantity, yet they are necessary
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Fm. 12. Late regressing stage. Arrows point to eel! organelles undergoing autolysis. A
virus-like inclusion (X) is found in the nucleus (N). ()< 21,924.)
Fin. 13. Late regressing stage. Keratohyalin granules (K) are small and markedly reduced
in quantity from that seen in the earlier stages of the tumor. (X 6438.)
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for "soft keratin" formation (13). Although it
is highly speculative, it is not unreasonable
for part of the keratin produced in the latter
stages of the keratoacanthoma to be "hard
keratin," i.e., without keratohyalin granule
association. The tumor is brittle and ex-
tremely horny, a condition which may be
due to the lack of keratohyalin stabilization
for the tonofibrils.
The regression of the keratoacanthoma has
been the subject of study and conjecture. It is
possible the tumor regresses from an immu-
nological mechanism yet unexplained, or that
the conduct of a normal hair follicle with its
anabolie and catabolic stages is simulated in
the keratoaeanthoma. Constant keratinization
and an inflammatory filtrate may be additional
factors in the resolution of the tumor. In the
present study, membrane-bound electron dense
bodies of variable size and with an unknown
function were demonstrated usually near the
Golgi complex. Their appearance in a degen-
erating cell may be significant.
The presence of small lamellated bodies in
the normal rabbit epithelium and hair follicle
and their subsequent increase in the patho-
genesis and regression of the keratoacanthoma
was demonstrated. Similar bodies have been
found in normal and hyperplastic mouse ear
epidermis (14). Many investigators (15—18)
have commented on these bodies and made
suggestions on their source and function.
Matoltsy and Parakkal (19) named the bodies
"membrane-coating granules."
In the regressing state, the keratoaeanthoma
exhibits some cell organelles in increased
quantity. Those in particular are the mem-
brane-bounded round bodies, either lamellated,
or with a dense central region ar regions.
They are seen, however infrequently, in the
normal epithelial cell. One can speculate that
they appear as a series of formative stages of
the aforementioned electron-dense bodies or
the membrane-coating granule cut at different
planes.
Matoltsy and Parakkal (1965) postulate
that the granules may give rise to a thickened
plasma membrane during keratinization and
may also be engaged in synthetic activities.
On the basis of the present investigation, it
appears likely that the increase of membrane-
coating granules occurs in association with
the differentiation of the keratoacanthoma
and the concomitant accelerated keratiniza-
tion.
suMaiAriv
The experimental keratoacanthoma, as stud-
ied at the ultrastructural level, produced a
marked increase in keratohyalin granules dur-
ing the progressive and mature stages. Rough
surface endoplasmic reticulum, mitochondria,
and lamellated bodies were also prominent in
the tumor.
Soft keratin and hard keratin may be formed
in the latter stages of the keratoacanthoma.
In addition, electron-dense bodies with an
unknown function were observed in the re-
gressing stage of the tumor. Membrane-
bounded bodies, observed in greatest amount
in the late regressing state, may be intermedi-
ate stages of the aforementioned electron-dense
bodies or may be membrane-coating granules
cut at different planes.
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